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Abstract 
In the present work preliminary results 
are given of an experimental programme on flame 
spreading over the surface of PMMA rods in Ng-
O2 mixtures under microgravity conditions. 
Results were obtained in the NASA KC-135 
aircraft laboratory. Six experiments were car-
ried out in March of this year and 36 more ex-
periments will be conducted in March 1987. 
These preliminary experiments allowed to 
determine the flame spreading velocities for 
three different mixture compositions, showing 
that they were smaller but of the same order of 
magnitude than downwards spreading velocities 
at one g and for the same mixture conditions. 
Background 
It is well known that gravity exerts a 
strong influence on many combustion processes 
specially those in which the flame is of the 
diffusion type. These types of flames take 
place when a flame spreads along the surface of 
a condensed fuel (solid or liquid) within a 
gaseous oxidizing atmosphere. 
A rapidly grown interest is being shown on 
combustion processes under microgravity condi-
tions, with the result that an important number 
of research programmes are or have been in 
progress, such as those listed in Refs. lthrough 
8. 
Flame spreading processes are of special 
interest since they would be the predominant 
spreading mechanism of fires in spacecrafts or 
space laboratories. 
In addition, no results were available on 
this combustion process under microgravity con-
ditions, and this was the reason for the selec-
tion of these experiments to be conducted in 
parabolic aircraft flights, with a view to fur-
ther research programmes in rockets or in space 
laboratories. 
Preliminary experimental programme on the ground 
A research programme on flame spreading 
processes along the surface of condensed fuels 
is being carried out at the Escuela Tecnica Su-
perior de Ingenieros AeronSuticos of the Uni-
G.L. Juste 
o f ETSIA Ass. P r o f , of ETSIA 
. o f Madr id P o l . U n i v . o f Madrid 
versidad Polite*cnica de Madrid, which is being 
sponsored by the Microgravity Department of the 
European Space Organization. 
The programme is both theoret ica l and ex-
perimental, and at th is respect cy l i nd r i ca l 
symmetry has been selected since i t permits a 
bet ter theoret ical modeling of the process. 
Unt i l now the experimental programme has 
been carr ied out with PMMA cyl inders in n i t r o -
gen-oxygen mixtures. 
A f i r s t part of the programme has been 
conducted on the ground at low pressure in or-
der to reduce the Grashof number and in a free 
f a l l chamber test f a c i l i t y at the I n s t i t u t o Na-
cional de Tecnica Aeroespacial. The objectives 
of these experiments were, i n the f i r s t place, 
to obtain order of magnitudes of i g n i t i o n times, 
flame spreading ve loc i t ies and minimum sizes of 
the combustion chambers in order to design the 
experiments for the parabolic a i r c r a f t f l i g h t s . 
In add i t ion , results of flame spreading velo-
c i t i e s as funct ion of pressure and mixture com-
posi t ion were obtained at one g, to be la te r 
compared with the results obtained in f l i g h t 
under microgravity condit ions. 
In Figures 1, 2 and 3 some of these re-
su l ts are shown and in Figures 4 and 5 photo-
graphs of the flame spreading process at am-
bient and at low pressure are shown. 
Flight programme 
A series of flame spreading experiments 
are programmed to be conducted in the NASA KC-
135 a i r c ra f t laboratory wi th PMMA rods and 
other fue ls . 
Unt i l now only s ix experiments were car-
r ied out in March of th is year, and 36 exper i -
ments w i l l be carried in March 1987. Therefore, 
only preliminary results are ava i lab le . 
Due to the short time avai lable to prepare 
the experiments and also due to safety regula-
t ions , the ign i t ion system u t i l i z e d on the 
ground,,based on a so l id propel 1 ant was not fea-
s ib le to be u t i l i z e d , and a provisional system 
based on a hot wire was used, which produced 
some d is to r t i on of the flame at the end of the 
rod. 
•J 
Three combustion chambers of 25 dm of 
volume were prepared (Figures 6 and 7) and six 
tests were carried out with rods of 70 mm in 
length and 5 mm in diameter . Spreading velo-
cities were measured from the photographs uti-
lizing a densimeter, and due to irregularities 
results from only three experiments are con-
sidered reliable and are shown in Figures 1, 2 
and 3, where they are compared with results ob-
tained at one g. In Figure 8 a sequence of the 
flame spreading process is shown. 
Conclusions 
1) The flame spreads. This conclusion is 
important, since there existed some doubts 
that flames might not spread in "this type of 
systems under microgravity conditions. 
2) Flame spreading velocities were smaller 
than downward flame spreading velocities at 
one g but of the same order of magnitude. 
3) Flames were irregular in shape, pro-
bably due to the nature of the fuel and not to 
aircraft induced vibrations, since they also 
existed in the free-fall chamber experiments, 
as shown in Figure 9, 
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Figure 1.- Downward steady spreading velocity as function 
of Og concentration. 
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Figure 2.- Downward steady spreading velocity as function of 
pressure. 
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Figure 3.- Horizontal steady spreading ve loc i ty as function of 
pressure. 
Figure 4.~ Downward spread of flames along 
PMMA cyl inders. 02=953%, P=760 mmllg. 
Figure 5.- Downward spread of flames alo 
PMMA cyl inders. 0^-95%, P- 47 
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Figure 6.- Schematic diagram of combustion chamber. 
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Figure 7.- Experimental installation in f l ight . 
t = 1.6 s. t = 2 s. 
Figure 0.- A serle of six consecutive photographs for horizontal spread of flame along PMMA cy-
linders under microgravity conditions (KC-135 aircraft laboratory) P =752 mm Hg and 
0o =67*. 
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